Hypertonically added high-potassium induced a tension development in the guinea pig taenia coli, which was composed of two distinct parts, a phasic response and a tonic one (1, 2). The tonic response was dependent on the aerobic breakdown of carbohydrate and was abolished by substrate removal, anoxia, a decrease in temperature, 2, 4-dinitro phenol (DNP), lithium substitution and ouabain. These factors had little or no effect on the phasic response. From these data it was suggested that the phasic response is a passive process, whereas the tonic response is an active one depending on metabolism. A part of this concept is supported by the finding that the application of high K caused an increase in oxygen consumption that accompanies the muscle tension change (3).
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In the present paper, effects of factors inhibiting tension development, viz. glucose removal, low oxygen, decrease in temperature, DNP and ouabain, on oxygen consumption in high-potassium medium were studied.
METHODS
Strips of taenia coli, weighing about 20-30 mg, isolated from white male guinea pigs were quickly suspended in the chamber of the apparatus to record simultaneously Pot in the medium and muscle tension changes. The sputtered platinum film electrode in vented by Saito (4) was employed to measure polarographically the Pot of the medium. Tension change in the muscle was recorded by a strain gauge. Tyrode solution equ librated with a gas mixture of 95% 0, 5 % CO, and maintained at 37°C was perfused at a constant rate of 6.47 ml/hr except when otherwise stated, from a reservoir through the bath.
Apparatus and method have been described in detail earlier (3). The Tyrode solution used was of the following composition (mm); NaCl, 136.8; KC1, 5.4; CaC12, 2.5; MgCl,j 1.0; NaH2PO4, 0.4; NaHCO,, 11.9 and glucose, 5.5. In some experiments, a Tyrode solution containing 2.7 mm KCI was used. High K (40 mm) solu tion was prepared by substituting KC1 for NaCI in equivalent amounts. DNP (1 X 10-4M) or ouabain (2.5 x 10-6M or 1 x 10-5M) was dissolved in Tyrode solution . Low oxygen supply was done by aeration with a gas mixture of 5% 02 , 90% N2 and 5% CO,
RESULTS
When normal medium was exchanged with high K medium , the muscle showed a tension development accompanied by a decrease in Pot level in the medium . Values of Qo2 Cal 02/9 hr) in normal and high K media were more variable than the values shown in the previous paper (3).
Glucose removal: Fig. 1 shows the effect of glucose removal on Pot level in the medium and muscle tension changes. When removal of glucose from the high K medium was performed 30 minutes after the application of high K, a gradual decrease in the muscle tension was seen and it coincided with an increase in Pot level in the medium . About one hour after glucose removal, the tension reached almost the original level and Po2 nearly the level in the normal medium. When glucose was replaced, Po, level immediately de creased and the tension gradually increased to 5 g. In six experiments, glucose removal abolished the already developed tension in high K medium within two hours, and decreased the increased oxygen consumption to the level in normal medium in four out of six experi ments, though the glucose removal diminished the oxygen consumption to about half in the other two experiments. Low oxygen: When the Tyrode solution was bubbled with 5% 02 gas mixture, the muscle appeared to consume an extremely small amount of oxygen. An application of high K induced a small phasic contraction but did not show significant changes in Po2 level in the medium (Fig. 2 ).
Low temperature: Lowering the temperature of the bath from 37°C to 12'C greatly reduced oxygen consumption of the muscle in the normal medium . An exchange of the normal Tyrode solution with a high K one induced a typical phasic contraction but had no effect on the Pot level (Fig. 3) . Values of Qo2 (PI 02/9-hr) and tension (for 15 minutes) from the 15th minute to the 30th minute after high K application are expressed as 100%.
The unshaded bars represent the mean percentage value of changes in Qo2 during the 15 minutes and the shaded bars represent those in tension.
A : High K (in 2.7 mm K Tyrode solution). B : DNP (1 x 10-'M), (in 2.7 mm K Tyrode solution). C : Ouabain (2.5x 10'6M), (in 2.7 mm K Tyrode solution). T1 : 0 to 15th minute after treatment in high K medium ; T2 : 15th to 30th minute ; T3: 30th to 45th minute ; T4 : 45th to 60th minute.
Ouabain : Pretreatment with 1 x 10-5M ouabain showed a transient tension develop ment accompanied by a decrease in Pot level. When the Pot level returned to normal, high K was added. The muscle then showed a phasic contraction and a corresponding phasic decrease of Pot in the medium (Fig. 4) . After glucose removal, an application of high K showed results similar to ouabain treatment. Reproducibility of these changes was poor when high K application was repeated. When the muscle was pretreated with 2.5 X 10-6M ouabain, an application of high K induced a phasic response followed by a small tonic contraction and a corresponding change in Pot level.
When ouabain (2.5 x 10-6M) was added to the high K medium, the tension was de creased from 7 g to about 1 g within one hour. In contrast to the marked change in tension, the decreased Pot level in the high K medium was not significantly influenced by ouabain application (Fig. 5 and 7-B) . A removal of external calcium reversibly abolished the residual tension and increased the Pot level to that in normal medium.
DNP: When DNP (1 x 10-'M) was added to the high K medium, the muscle tension developed fell to the original level, and Pot was either decreased further or maintained at the same level ( Fig. 6 and 7-C) . This decreased Pot level did not show any significant change by removal of external calcium.
DISCUSSION
It was reported that a dissociation of electrical and mechanical activity of taenia coli was produced by exposing the muscle to glucose-free medium (5) . The activity of the membrane persisted for several hours in the absence of glucose but the tension response declined more rapidly, generally disappearing in 1---2 hours. Timms (6) described that after only two or three minutes exposure to a glucose-free medium, the glucose available within the taenia coli was reduced to a very low level (about 2-5% of normal level) and this level declined further but at a very slow rate (only further 10 percent in next 30 minutes). And it was extremely difficult to deplete glycogen from taenia coli merely by removing external glucose. In fact, after one hour in glucose-free medium under aerobic condition, the glycogen level fell by between 10 and 40 percent and even after six hours it was pos sible to demonstrate the presence of significant amounts of glycogen. But the slow break down of glycogen under glucose-free conditions may be insufficient to maintain the link to the contractile processes. In this experiments, application of high K induced an in crease in oxygen consumption accompanying tension development of the smooth muscle and removal of glucose from the medium gradually decreased both the developed tension and the increased oxygen consumption, though these changes were not completely rever sible. These results show that the tonic contraction may be closely related to an increase in oxygen consumption of the muscle which utilizes glucose in medium and confirms the concept that the tonic contraction is an active process depending on aerobic carbohydrate breakdown (1, 2) .
The muscle pretreated with ouabain and maintaining normal respiration , showed a phasic contraction accompanying a transient rise of oxygen consumption on the appli cation of high K. The muscle when under low oxygen supply or low temperature showed an extremely small oxygen consumption rate in the normal medium, and under these conditions high K induced a phasic contraction without changes in oxygen consumption. The data show that the phasic contraction does not depend on changes in muscle cell re spiration and therefore supports the concept that the phasic contraction is a passive process (1, 2).
Urakawa et al. (7) reported that Ca entering smooth muscle treated with high K pro bably increases oxygen consumption, independent of an increase in muscle tension. In, the phasic contraction induced by high K sufficient Ca was thought to be released from a cellular site to initiate contraction and then to be rapidly rebound (1), and this proposal was supported by other experiments (8) . Calcium released from a cellular site during the phasic contraction is assumed to increase transiently the oxygen consumption of muscles maintaining normal respiration, although no change in oxygen consumption occurs in the muscle under greatly depressed respiratory conditions.
It was proposed that in the tonic contraction induced by high K, enough Ca crossed the membrane to maintain contraction and that this Ca movement was dependent on carbohydrate breakdown (1, 2). The explanation of this phenomenon may be that Ca entering the muscle through the membrane depolarized by high K stimulates its metabolic process(es), resulting in an increased oxygen consumption, and the energy liberated by phosphate metabolism coupled with aerobic carbohydrate breakdown is probably utilized to maintain the process of Ca entry into the fiber which sustains contracture.
It is known that DNP increases the oxygen consumption of whole animals and of iso lated tissues. According to Born and Biilbring (9), 1 x 10-'M DNP decreased tension and ATP content, but showed a slight increase in the rate of oxygen consumption in taenia coli. In the above experiments it was found that the increased oxygen consumption of the muscle treated with high K was further increased or maintained at the same level by adding 1 x 10-'M DNP while the already developed tension disappeared.
Schatzmann found that strophantin did not affect oxygen consumption or lactic acid production but prevented the active movements of sodium and potassium in red cell (10) . Later ouabain was reported to inhibit activity respirations when rat brain cortex slices (11, 12) and rabbit desheathed cervical vagus nerve (13) were electrically stimulated. Nissan et al. (14) have also reported that the addition of NaCI increased oxygen consump tion in the isolated rat hemidiaphragm and ouabain (1 X 10-5M) depressed this increased oxygen consumption. In rabbit gall bladder, ouabain (1 X 10-3M) inhibited about half the activity oxygen consumption but not the basal oxygen consumption (15) . In the pre sent experiments, 2.5 X 10-6M ouabain did not alter the increased oxygen consumption of the smooth muscle induced by high K, but almost abolished the already developed tension. The addition of DNP or ouabain to high K medium increased further or maintained the increased oxygen consumption although they abolished the developed tension. That is, DNP and ouabain dissociated the increased oxygen consumption from tension. In
